Few studies have examined cancer-related risk factors in relation to SES across the lifecourse in low to middle income countries. This analysis focuses on adult women in India, China, Mexico, Russia and South Africa, and examines the association between individual, parental and lifecourse SES with smoking, alcohol, BMI, nutrition and physical activity. Data on 22,283 women aged 18 years and older were obtained from the 2007 WHO Study on Global Aging and Adult Health (SAGE). Overall, 34% of women had no formal education, 73% had mothers with no formal education and 73% of women had low lifecourse SES. Low SES women were almost four times more likely to exceed alcohol use guidelines (OR: 3.86, 95% CI: 1.23-12.10), and 68% more likely to smoke (OR: 1.68, 95% CI: 1.01-2.80) compared with higher SES. Women with low SES mothers and fathers were more likely to have poor nutrition (Mothers OR: 1.59, 95% CI: 1.17-2.16; Fathers OR: 1.33, 95% CI: 1.11-1.59) and more likely to smoke (Mothers OR: 1.46, 95% CI: 1.15-1.87; Fathers OR: 2.17, 95% CI: 1.80-2.63) compared with those with high SES parents. Women with stable low lifecourse SES were more likely to smoke (OR: 2.55, 95% CI: 1.47-4.43), while those with declining lifecourse SES were more likely to exceed alcohol use guidelines (OR: 3.63, 95% CI: 1.07-12.34). Cancer-related risk factors varied significantly by lifecourse SES, suggesting that cancer prevention strategies will need to be tailored to specific sub-groups in order to be most effective.
cer type. For instance, incidence of lung cancer has been observed to be higher among low SES individuals, while incidence of breast cancer is observed to be higher among higher SES women. [12] [13] [14] [15] [16] A proposed mechanism underlying this association includes differences in the prevalence and distribution of cancer-related risk factors, including smoking, alcohol, diet or exogenous hormone use. 17 Most studies of SES and cancer risk factors have included data from developed countries such as US and Europe, where results show a higher prevalence of several cancer risk factors, such as smoking, alcohol use, poor nutrition and low physical activity, among lower SES individuals. 18, 19 However, recent studies in developing countries have shown that the association may be reverse-with a higher prevalence of cancer related risk factors among higher SES individuals. 20, 21 The influence of SES on cancer risk has also been shown to be important across the lifecourse; SES in childhood exerts a significant influence on cancer risk in adulthood even after adjusting for adult SES, and social mobility, that is, change in SES from childhood to adulthood influences adult health behavior. 22 In addition to the health-behavior mediated mechanism linking lifecourse SES with adult cancer risk, lifecourse SES may also operate through other biological or environmental exposures during childhood, especially exposures that are important during a specific biological time window, for example, studies of breast cancer have found that early life exposures during puberty are important determinants of adult breast cancer risk. 23 Other potential mechanisms important for cancer risk include a chronic lack of access to healthcare that minimizes the opportunity for appropriate medical recommendation about cancer risk, 24 the higher burden of psychosocial stressors, as well as exposures to environmental pollutants, including lead and infectious agents such as H. Pylori. 19, 22, [25] [26] [27] Importantly, lifecourse SES may be a more important social determinant of adult cancer risk if the influence of these factors, particularly modifiable health behaviors, accumulate over time from childhood to adulthood. Again, studies on lifecourse SES and cancer risk factors have also mostly focused on developed countries. [28] [29] [30] Given recent estimates from the International Agency for Research on Cancer projecting that up to 70% of new cancer cases will occur in developing countries in the next two decades, research studies in this area are urgently warranted. Improved understanding of the influence of SES over the lifecourse on modifiable cancer risk factors may help identify vulnerable population sub-groups for targeted cancer prevention strategies. Here, we examined the distribution of individual, parental and lifecourse SES among women in low to middle income countries in the Study of Global Ageing and Adult Health (SAGE), and examined lifecourse SES gradients in the major cancer-related risk factors (smoking, alcohol, body weight, nutrition and physical activity) and countrylevel differences in the SES-risk factor association.
Material and Methods

Data source and study population
Data for this analysis was obtained from the WHO Study on Global Ageing and Adult Health (SAGE) conducted in China, Ghana, India, Mexico, Russia and South Africa in 2007. The SAGE study was designed as a cross-sectional, longitudinal study of adults ages 18 and older from nationally representative samples in the six countries, and aimed to evaluate disease risk factors, access to healthcare, health status and well-being. Five middle-income countries-China, India, Mexico, Russia and South Africa-were included in the present analysis to represent one country each per continent, capture countries that have experienced major economic transitions in the past few decades, and have a common threat of rising non-communicable diseases burden. In particular, this analysis focused on women ages 18 years and older due to the rising incidence of breast cancer in these countries, a cancer type shown to be influenced by these modifiable risk factors, and the potential for SES differences to more directly impact risk factors such as diet, physical activity and alcohol use among women. More information on the SAGE study can be obtained through the WHO SAGE website: (http://www.who. int/healthinfo/sage/cohorts/en/).
Cancer-related risk factors
This study focused on cancer-related risk factors defined using the World Cancer Research Fund/American Institute for Cancer Research (WCRF/AICR) guidelines for cancer prevention. 31 The risk factors were defined as: alcohol consumption (>7 drinks/week), smoking (current/former cigarette smoker), physical activity (recreational or non-recreational physical activity min < 240 min/week), nutrition (fruit and vegetable intake <5 servings/day) and body mass index (overweight BMI> 25 kg/m 2 ). Self-reported information on each risk factor was obtained by WHO SAGE trained field staff during inperson interviews, and physical measurement of height, weight, pulse rate and three readings of blood pressure were obtained. Questionnaires translated to the local dialect were administered in instances were the individuals did not speak English. We present descriptive statistics and regression models for the adverse risk factors as defined above in tables, and country level variation in adherence to the risk factors as defined by WCRF/ AICR, that is, alcohol use <7 drinks/week, >5240 min of physical activity per week, at least 5 daily servings of fruits/vegetables, and BMI <25, in charts.
Individual and parental SES
Individual and parental SES was defined based on educational attainment (categorized into: no formal education, primary school only, high school graduate, and college or higher degree) and employment status (categorized into: unemployed, public sector employment, private sector employment, self/informal employment). Individual and parental SES variables were defined based on education and employment status.
Lifecourse SES
Social mobility or change in SES from parent to individual based on the education and employment measures was used to define lifecourse SES. For instance, Lifecourse SES based on education was categorized into: stable low (< primary and < primary), if both parent and individual did not complete primary school education; declining (>5 primary and < primary) if the parent completed primary school and the individual did not; increasing (< primary and >5 primary) if the parent did not complete primary school and the individual did; and stable high (>5 primary and >5 primary) if both completed primary school education. Lifecourse SES based on employment was categorized as: stable low (unemployed and unemployed) if individual were unemployed during the survey and parent had never been employed; increasing (unemployed and employed) if the parent has never been employed but the individual was employed; declining (employed and unemployed) if the parent had a history of being employed but the individual What's new? It is well known that a person's socioeconomic status (SES) affects cancer risk, but few data exist analyzing life-course SES in low to middle income countries. Here the authors show that low or declining life-course SES in women was significantly associated with increased smoking and alcohol use. In contrast, high SES was associated with reduced physical activity. The authors recommend that cancer prevention strategies in these countries be tailored to specific SES subgroups to be most efficient.
was unemployed; and stable high (employed and employed) if parent had a history of employment or both were employed during the time of the survey.
Covariates
Other covariates that were included in the analysis included: age, marital status, rural/urban residence, current health status and country. These variables were chosen due to both availability and potential to influence the overall association due to a positive or negative relationship with education status, employment status and the risk factors. Current health status is a self-reported measure and was included because it takes into account the individual's perception of their own health, which may influence their level of the studied risk factors.
Statistical analysis
Descriptive analysis was conducted using survey-weighted statistics to determine the distribution of baseline demographics, individual and lifecourse SES variables in each country and overall, and to examine the prevalence of each cancer-related risk factor by country. All missing values were treated as missing and excluded from analyses. Survey weighted multivariable logistic regression models were created to determine the relationship between individual and lifecourse SES in relation to each risk factor. Regression models adjusted for age, marital status, rural/urban residence, health status and country to obtain adjusted estimates for each risk factor. For all analyses, p values 0.05 were considered statistically significant. All statistical analyses were performed with SAS 9.4 (SAS institute, NC) using survey weight, strata and cluster variables provided with the SAGE dataset to account for study sample design and enabling study results to be generalizable to the included countries.
Results
Participant characteristics
A total 22,283 women ages 18 years and older were included in this analysis; 8,002 from China, 7,489 from India, 1,689 from Mexico, 2,427 from South Africa and 2,676 from Russia; representing approximately 50% of SAGE study participants from each country ( Table 1 ). The majority of study participants overall were married (77%); however this ranged widely from 38% in South Africa to 89% in China. Most participants reported being in moderate (43%) or good (45%) overall health. Overall, 28% of studied women were overweight/obese, ranging from 13% in India to 65% in South Africa and 68% in Mexico. Most women consumed 4.9 servings of fruits and vegetables per day on average, however wide between-country variation exists; mean daily consumption of fruit and vegetable was 0.6 in Russia, 2.6 in India, 2.9 in Mexico, 3.4 in South Africa and 9.5 in China. In total, women participated in an average of 947 min of physical activity weekly, ranging from 539 in South Africa to 1,233 in Russia, recreational physical activity accounted for only 44 min per week, ranging from 23 min in Mexico to 71 min in China.
Distribution of SES
Overall, 35% of women in this study had no formal education; 24.5% from China, 57.9% from India, 27.8% from Mexico, 22.8% from South Africa and 1.3% from Russia (Table 2) . About 24% of all participants were unemployed at the time of the survey, 28% in China, 15% in India, 16% in Mexico, 38% in South Africa and 37% in Russia. Over 73% of participants had mothers with no formal education, ranging from 19% in Russia to 80% in China and 81% in Mexico, only 2.4% of women had mothers with a college education, and about 38% of women had mothers who were unemployed. About 58% of participants had fathers with no formal education, ranging from 16% in Russia to 71% in Mexico, and only 8.9% had fathers who were unemployed. Based on mother's education, 6% of participants had high stable lifecourse SES, and 73% had stable low lifecourse SES; based on mother's employment, 13% of participants had stable high lifecourse SES, and 68% had stable low lifecourse SES. Based on father's education, 7% of participants had stable high lifecourse SES, while 60% had stable low lifecourse SES; based on father's employment, 15% had stable high lifecourse SES and 59% had stable low lifecourse SES. The highest proportion of women with stable high lifecourse SES was observed in Russia, with 57 and 56% of women based on father's employment and mother's employment, respectively; conversely, the lowest proportion was observed in India, with 1.6 and 2.3% of women with stable high lifecourse SES based on mother's employment and father's employment, respectively.
SES and cancer-related risk factors
The prevalence of overweight/obesity (46 vs. 52%), poor nutrition (50 vs. 57%), smoking (0.4 vs. 1.5%) and alcohol use (7.3 vs. 18%) was lower among women with higher SES based on education status compared with women with lower SES (Table 3) . However, physical inactivity was higher among those with higher SES compared with those with lower SES (39 vs. 29%). Similar patterns were observed based on employment measures of SES, although a similar proportion of employed and unemployed women were smokers (1.6 and 1.4%, respectively). Overweight/obesity (53 vs. 52%), poor nutrition (53 vs. 58%) and smoking (1.6 vs. 1.4%) was similar between women based on mother's education, however women with low SES mothers had higher physically inactivity (31 vs. 25%) and alcohol use (19 vs. 11%) rates. Similar patterns were observed based on father's education, with higher alcohol use among women with low SES fathers compared with those with high SES (22 vs. 10%). Overweight/obesity, poor nutrition, physical inactivity and smoking were mostly similar based on parental employment status, although alcohol use remained higher among those with parental unemployment.
Lifecourse SES and cancer-related risk factors
The prevalence of overweight/obesity was lowest among those with increasing lifecourse SES based on parental education (Mothers/own: 38%; Fathers/own: 45%), and highest among
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those with declining (Mothers/own: 55%) and stable low (Fathers/own: 53%) lifecourse SES. Whereas, over 60% of women with declining lifecourse SES based on mother's employment were overweight/obese. In addition, the highest prevalence of poor nutrition was among women with stable low lifecourse SES by mother's or father's employment (62 and 62%) or education (58 and 58%), while the highest prevalence of physical inactivity was among women with stable low lifecourse SES based on father's education (68%). Regardless of lifecourse SES measure, smoking prevalence was highest among women with declining lifecourse SES, while alcohol use was higher among women with stable low lifecourse SES (20-22%).
Adjusted analysis of cancer-related risk factors and SES
Women with low SES based on employment were 30% more likely to be overweight/obese (OR: 1.30, 95% CI: 1.02-1.65), 29% more likely to smoke (OR: 1.29, 95% CI: 1.07-1.55), but 40% less likely to be physically inactive (OR: 0.60, 95% CI: 0.48-0.75). Those with low SES based on education were 
Risk factors by lifecourse SES and country
There were country-level differences in lifecourse SES and adherence to each risk factor guideline (Fig. 1 ). There was a positive lifecourse SES gradient in Mexico, with increasing adherence to the BMI criteria with increasing SES, but no gradient observed in China or Russia. There were no gradients in adherence to smoking in China, but a positive gradient (i.e., higher adherence with higher lifecourse SES) in India and a negative gradient in Mexico. In addition, there was a negative SES gradient for physical activity in China, but no clear gradient in Mexico or South Africa. There were positive gradients for alcohol use in China and South Africa, but negative gradient in Mexico, and positive gradients for nutrition in India, but negative gradient in China even though adherence was much higher overall in China.
Discussion
Using a large cross-sectional dataset of adult women from five continents and contemporary measures of SES across the lifecourse, we examined social gradients in cancer-related risk factors in China, India, Mexico, South Africa and Russia. Although the majority of study participants had low lifecourse SES, significant country-level differences in the prevalence of cancer-related risk factors were evident as well as strong associations between lifecourse SES and risk factors. Study participants from China were adherent to more riskfactor guidelines than any other country except for physical activity, while participants in South Africa were least likely to be adherent to the physical activity and nutrition guidelines. We observed that lower SES women represented in this study were more likely to be overweight/obese, smoke, and exceed alcohol use guidelines, although they were less likely to be physically inactive compared with higher SES women. Parental SES measures had significant impacts on cancer risk factors in a similar manner, with poor nutrition and smoking more prevalent among those with low parental SES. Furthermore, declining and low lifecourse SES significantly increased the likelihood of smoking and alcohol use among women. Our observation of significant variations in cancer-related risk factors across the levels of SES is consistent with previous studies. Similar to recent US studies of SES gradients in cancer-related risk factors, that is, higher prevalence of obesity, smoking and alcohol among lower SES individuals, 32 we also observed higher prevalence of these risk factors in lower SES women, as well as lifecourse SES gradients in this analysis. This may be explained by the recent nutritional 1 Number and proportion of women with cancer-related risk factors: BMI (>525 kg/m 2 ) Nutrition (<5 daily servings of fruits and vegetables), physical inactivity (<240 min/week), Alcohol (>7 drinks/week) and smoking (current/former smoking).
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Akinyemiju et al. transition and trends in dietary and lifestyle patterns associated with increased globalization and westernization observed in many developing countries. 33, 34 Previous studies suggest that higher SES individuals are often the first to adopt new lifestyle related behaviors since they are more likely to afford the high cost of newer, exotic habits such as alcohol consumption and tobacco smoking. However, health related information about the risks (e.g., smoking) and benefits (e.g., physical activity) also tend to be concentrated among higher SES individuals, likely due to better access to high-quality healthcare and health recommendations. 35 Therefore, over time, higher SES individuals tend adopt healthier behaviors and avoid harmful ones, while lower SES individuals begin to adopt the previously unaffordable, exotic risk factors. 33, 34 Other studies have also shown that adverse health behavior, such as smoking, tend to be concentrated among the poor and uneducated, 21, 36, 37 since they are least informed about the health risk of smoking and less likely to have access to smoking cessation services. 37 These studies are in line with our findings based on contemporary data and SES measures showing that low SES women have higher prevalence of cancer-related risk factors, except for physical inactivity. This may be because information on the benefits of being physically active has emerged more recently compared with others. It may also be due to the fact that the newly emerging middle-class, who are of higher SES status based on our study measure, are more likely to be employed in professional or service sectors which are highly sedentary in nature.
As projected by the International Agency for Research on Cancer (IARC) 38 as well as other investigators, 39,40 the greatest burden of cancer incidence will be experienced in developing countries in the next few decades. Although this trend can be partially attributed to demographic growth and population ageing, increasing prevalence of cancer-related risk factors will also play an important role. 41 For instance, in 2002, about 3.6% of all cancers and 3.5% of all cancer deaths were attributable to alcohol drinking worldwide, with breast cancer comprising 60% of alcohol-attributable cancers. 42 In 2012, 5.5% of all cancers and 5.8% of cancer deaths were attributable to alcohol use. 43 The current inadequacy of cancer screening programs in many developing countries and poor treatment facilities ensures that primary prevention through the elimination of cancer risk factors is the most efficient way of reducing the burden of cancer in these countries. Since cancer-related risk factors vary by SES, both individual and parental, this provides an opportunity to create tailored cancer prevention strategies. For instance, by providing information on the benefits of physical activity and promoting employment-based exercise facilities, higher SES individuals may be encouraged to be more physically active and reduce . *Lifecourse SES defined based on maternal and own education (LL: Low maternal-low own; HL: high maternal-low own; LH: low maternal-high own; HH: high maternal-high own).
§ Represents proportion of adults who meet current AICR guidelines on the five cancer-related risk factor.
their cancer risk. 44 For lower SES individuals, prevention efforts may be focused on providing information on the risks associated with smoking and providing free access to smoking cessation services. Among individuals with declining lifecourse SES, efforts may be focused on reducing heavy alcohol consumption and providing educational opportunities or jobtraining programs. In addition, reducing within-country inequalities in SES will go a long way toward improving access to health information and cancer prevention strategies. Studies have suggested that anti-tobacco smoking policies should be aimed at improving the standard of living among smokers. 21 This study has several strengths and limitations. First, we provide one of the few studies assessing lifecourse SES in relation to cancer-related risk factors using a large dataset of participants from low to middle income countries that together make up about half of the world's population. The SAGE survey utilized nationally representative study populations and included participants from both rural and urban areas in an effort to increase the generalizability of the results. In addition, we assessed adherence to cancerrelated risk factors using established guidelines from the WCRF/AICR, validated measures and cut-points that have been shown to be highly predictive in large cohort studies of cancer. [45] [46] [47] [48] One of the limitations of the study is that education and employment measures used in defining lifecourse SES were based on self-reported data, potentially vulnerable to social desirability or recall bias. Nevertheless, these measures have been shown to be more robust compared with income-based measures, particularly parental income. 49 In conclusion, cancer prevention strategies focused on reduction or elimination of the major cancer risk factors are critical in low to middle income countries. The study underscores the importance of tailoring these strategies to different population subgroups based on lifecourse SES.
